INTRODUCTION
Carney complex (CNC) is a rare disease with an autosomal dominant inheritance characterized by the presence of myxomas, spotty skin pigmentation and endocrine overactivity.
1 CNC is associated with a variety of endocrine and non-endocrine abnormalities, the most frequent being primary pigmented nodular adrenocortical disease (PPNAD) that usually leads to adrenocorticotropin (ACTH)-independent Cushing's syndrome (Cs). Other common endocrine abnormalities include cystic or nodular thyroid disease in about 75% of patients, subtle hyperprolactinemia (64%), acromegaly (in up to 15%) and large-cell calcifying sertoli tumors (41% of affected males). Non-endocrine abnormalities include skin myxomas (80% of patients), lentiginosis (80%), breast fibroadenomas or myxomas (50%), cardiac myxomas (20-40%), cutaneous myxomas (20-30%) and psammomatous melanotic schwannomas (8%). 2 CNC is a genetically heterogeneous disease, with linkage analysis so far identifying two independent loci [17q22-24 (CNC1), 2p16 (CNC2)]; a third locus was erroneously linked to CNC, reflecting the oddity of a single family with myosin mutations and the concurrent occurrence of myxomas. [3] [4] [5] The most common genetic cause of CNC is a defect in the PRKAR1A gene (at the CNC1 locus). PRKAR1A encodes for the 1-α regulatory subunit (RI-α) of protein Kinase A (PKA) and functions as a tumor suppressor gene (TsG). 6 Heterozygous inactivating PRKAR1A mutations lead to CNC with a penetrance close to 98% by the age of 50 years; these mutations have been reported in 73% of CNC patients. 2, 7, 8 The majority of these mutations result in frame-shift, nonsense or splice site variants that lead to premature stop-codon generation. 9 Mutant mRNA is unstable and degraded by nonsense-mediated mRNA decay (NMD). This leads to the loss of the mutant protein and a 50% reduction of the total RI-α protein levels, since only the wild type allele is translated. 6 RI-α protein reduction stimulates protein kinase A (PKA) activity by cyclic adenosine monophosphate (cAMP) thus interfering in the regulation of cell glucose and lipid metabolism pathways. 2 until recently, about 750 CNC patients have been diagnosed worldwide by the National institute of Health, the Mayo Clinic (u.s.A), the Cochin Hospital (France) and elsewhere, with more than 125 PRKAR1A gene mutations identified to date (online database: http:prkar1a.nichd.nih.gov). 9 Despite the genetic heterogeneity and the large number of PRKAR1A mutations spread along the length of the gene, no direct correlation between all PRKAR1A mutations and the various CNC phenotypes has yet been established. However, recent data report potential associations between specific mutations and CNC manifestations. 2, [10] [11] [12] [13] in this article we present a CNC case with a novel germline PRKAR1A mutation that was diagnosed after recurrent vertebral fractures presumably due to hypercortisolemia and we provide a brief review of the existing literature concerning genotype and phenotype associations in CNC.
CASE REPORT
A 53-year-old male (weight 69 kg, height 1.72 m, blood pressure 110/70 mmHg) was admitted to our Department for evaluation of deteriorating severe osteoporosis (left femoral neck T-score: -4.2, right femoral neck T-score: -4.0, L2-L4 T-score: -5.2), resulting in low-pressure fractures of lumbar spine vertebrae and muscle weakness. Radiologic imaging revealed T8-T10 and L3-L5 vertebral compression fractures. The patient had a history of prior T12-L2 spondylodesis due to a low-pressure L1 vertebra osteoporotic fracture and was treated with denosumab and calcium (500mg bd) for two years without any bone mass improvement. Over the last three decades he had undergone three cardiac operations for recurrent atrial and ventricular peduncular myxomas (left atrium and right ventricle), with his last serial echocardiography not revealing the presence of any myxoma. He had also undergone polipectomy following two episodes of intestinal blood loss. No family history of endocrine or non-endocrine tumors was identified.
On admission he had muscle weakness and incapacitating back pain. Physical examination revealed spotty skin pigmentation (lentigines) on both legs and two 2 cm brownish papules on the preauricolar and lower right thoracic region, consistent with cutaneous myxomas. Hormonal work-up revealed hypercortisolism [(08.00 morning cortisol levels: 389 nmol/L (NR: 138-690 nmol/L), adrenocorticotropic hormone (ACTH): 5.5 pg/ml (NR: 9-52 pg/ml), urinary cortisol concentration (UFC): 210 μg/24h (NR: 20-90 μg/24h), cortisol levels following a low-dose dexamethasone suppression test (LDDsT): 412 nmol/L and paradoxical increase of UFC (303 μg/24h) following dexamethasone administration]. secondary raphy demonstrated multiple thyroid nodules and multiple microcalcifications of the testes, whereas echocardiography did not reveal any recurrent cardiac myxomas. Pituitary magnetic resonance imaging (MRI) was also normal.
Denosumab was discontinued and the patient was prescribed ketoconazole (400mg/day) and metopyrone (1.5gr/day) while on the waiting list for bilateral adrenalectomy. surgically removed adrenal glands appeared with multiple pigmented nodules ( Figure  2 ) and histopathology revealed multiple, 0.1-0.5cm sized, pigmented nodules surrounded by atrophic cortex (Figure 3) . Histological results were consistent with the diagnosis of primary pigmented nodular adrenocortical disease (PPNAD). Most of the nodule cells were large and globular with granular eosinophilic cytoplasm that included lipofuscin. Myxomatous areas were also detected within the nodules (Figure 3 )], FSH: (7 mU/ml), LH (4.7 mU/ml) and SHBG levels [38nmol/L (NR: 30-100 nmol/L)] were normal. Growth hormone (GH: 2.9 ng/ml) and GH response to a 75gr oral glucose load (nadir of GH: 1 ng/ml) were also normal. Testosterone [1.7 ng/ml (NR: 2.67-10.12 ng/ml)], DHEA-S [468 ng/ml (NR: 518-4707 ng/ml)] and insulin-like growth factor-1(IGF-1) levels [117 ng/ml (NR for sex and age: 180-406 ng/ml)] were decreased.
Adrenal computed tomography (CT) showed micronodular adrenal disease (Figure 1 ). ultrasonog- 
a.

SEqUENCING ANALySIS
A peripheral blood sample was drawn after obtaining informed consent from the patient. DNA was extracted from peripheral leucocytes and subjected to polymerase chain reaction (PCR), followed by bidirectional DNA sequence analysis of the PRKAR1A gene, performed as described previously. 6, 14 The nucleotide sequence was compared with the published cDNA PRKAR1A sequence. A novel c.172G>T heterozygous point mutation at codon 172 of exon 2 was identified that resulted in direct stop-codon generation and in early termination of PRKAR1A transcript (Figure 4) .
DISCUSSION
CNC is a rare endocrine syndrome which is most frequently caused by PRKAR1A gene mutations. We report a novel germline nonsense mutation of the PRKAR1A gene in a patient with clinical features as well as laboratory and histological findings of CNC. Our patient had developed a wide heterogeneous spectrum of CNC-associated manifestations including hypercortisolism with PPNAD and secondary osteoporosis, skin lentigines and myxomas, multiple recurrent cardiac myxomas and nodular thyroid disease. We also found a paradoxical increase of cortisol secretion after dexamethasone administration, which is characteristic of CNC and particularly useful for the diagnosis of patients with normal baseline cortisol levels and subclinical or cyclic Cs. 15 Osteoporotic bone changes are often found in CNC patients. Glucocorticoids excess accelerates bone resorption and reduces bone formation by direct action on bone cells. in addition, glucocorticoids decrease intestinal calcium absorption by opposing the action of vitamin D and by decreasing the expression of calcium channels in the duodenum leading to secondary hyperparathyroidism. 16 They also inhibit iGF-1and serum testosterone production (as observed in our patient). 16, 17 Apart from the secondary osteoporosis due to PPNAD-associated cortisol hypersecretion, the osteogenic potential may also be influenced by PRKAR1A gene ablation that can interfere with signaling pathways which are necessary for osteoblast differentiation, as shown in experimental data from mouse and human cell lines. 18 The osteoporotic bone changes, fractures and secondary hyperparathyroidism that were found in our CNC patient indicated the long duration of the disease.
Recurrent cardiac myxomas occur at a much younger age in CNC patients compared to sporadically occurring myxomas. 19 interestingly, up to 30% of non-CNC myxomas can also bear PRKAR1A muta- tal delay. Moreover, the average age of presentation was younger (14 years) and morbidity more severe than in typical PRKAR1A mutation-positive CNC patients. in addition, in a family of CNC patients, a spectrum of disease including adrenal carcinoma due to a s147G point mutation in the PRKAR1A gene that escapes NMD, was identified. This mutation led to decreased cAMP and catalytic subunit binding by R I-α and increased PKA activity in vitro. 11 Lately, genes coding for other PKA subunits have been identified as being responsible for CNC-linked phenotypes (but not the full syndrome). Duplication of the main catalytic subunit of the cAMP-dependent PKA, Cα (PRKACA), may result in Cushing syndrome caused by bilateral micronodular adrenal hyperplasia. 12 in a single patient, triplication of the catalytic subunit Cβ (the PRKACB gene) was associated with skin pigmentation, acromegaly and myxomas. 13 All the aforementioned genetic data could have implications for our understanding of the CNC phenotype and, more importantly, for counseling CNC patients. Genetic analysis is a powerful tool aiding the investigation, confirmation and early identification of tumors and endocrine disorders related to CNC. Younger age of onset and potential diverse prognosis according to the genotype could help us properly counsel patients' family members and descendants. Even though there is yet no obvious and straightforward correlation between genotype findings and the clinical characteristics of the disease, there is growing evidence that a genotype-phenotype association is plausible for at least certain PRKAR1A defects.
in conclusion, we have identified a novel PRKAR1A nonsense mutation in a sporadic case of CNC. The data add to what we know about PRKAR1A and human disease. Recognizing CNC is important for identifying early and addressing promptly the many associated comorbidities, including acromegaly, atrial fibrillation and stroke due to atrial myxomas, diabetes mellitus, hypertension, osteoporosis and fractures due to hypercortisolism, and the risk of various tumors and certain cancers. PRKAR1A mutation analysis should be undertaken in suspected cases of CNC in order to confirm the diagnosis and provide close monitoring and follow-up. tions, suggesting a potential role of the gene and the PKA pathway in the development of both syndromic and isolated cardiac myxomas. 20 The PRKAR1A mutation found in our patient caused lack of mutant protein detection due to degradation, similarly to other PRKAR1A mutations reported so far. Although genetic screening was not performed in the close relatives of our patient, the absence of any characteristics of the disease suggests that this mutation is a de novo one. This finding is in accordance with previous studies that described de novo mutation at a high frequency (85%) in sporadic cases with CNC. 6 In contrast to RET mutations in MEN2 syndrome, it is widely accepted that PRKAR1A gene mutations do not appear to correlate consistently with a specific clinical phenotype. However, data overall indicate that CNC patients bearing PRKAR1A mutations (CNC1) have more severe disease with earlier presentation and higher frequency of myxomas, thyroid and gonadal tumors, schwannomas and lentigines compared to PRKAR1A negative patients with a mutation mapped in the 2p16, CNC2 locus.
2,4,14 in addition, a small number of PRKAR1A missense mutations whose mRNA escape from NMD and express R I-α mutant proteins are associated with a more severe phenotype. 21, 22 Two PRKAR1A mutations (a deletion c.709-7del6 and a mutation in the initiation codon of PRKAR1A, M1V c.1A>G/p.M1Vsubstitution) are associated with low-penetrance, early life isolated PPNAD and Cs. 23, 24 Moreover, in some cases of isolated PPNAD, a small intronic deletion in PRKAR1A has been associated with a lower penetrance and mild phenotype. 25 in general, patients with exonic PRKAR1A mutations seem to present at a younger age and to manifest cardiac myxomas, lentigines, schwannomas and acromegaly more often compared to patients with intronic ones. in the study of salpea et al, a significant number (21.6%) of CNC patients had haploinsufficiency due to large 17q24.2-q24.3 deletions surrounding the PRKAR1A gene. 10 These deletions were not detected by sanger sequencing (PRKAR1A mutation-negative) but with array-based comparative genomic hybridization (array-CGH). it is worth noting that apart from the usual CNC-related manifestations, some of these patients shared skeletal abnormalities and global developmen- 
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